Abstract-Using the Sudakov technique, we sum the perturbation series for the process 3 → 3 and obtain the compact analytical expression for the amplitude of this process, which takes into account all possible Coulomb interactions between colliding particles. Comparing it to the amplitude of the leptonpair production in heavy-ion collisions, i.e., in the process 2 → 4, we show that the amplitudes obtained in the high-energy limit lose the crossing-symmetry property (which holds only on the Born level).
INTRODUCTION
During the past decade, the interest in the process of lepton-pair production in strong Coulomb fields has risen significantly. This is connected mainly with the beginning of the operation of the relativistic heavy-ion collider RHIC (Lorentz factor γ = E/m = 108) and the new collider LHC (γ = 3000), which will operate in the near future. At such energies, the lepton-pair yield becomes huge (according to [1, 2] ), so that a detailed analysis of the process
accounting for the Coulomb corrections (CC) is required. Such work has been done in recent years and a lot of papers have been devoted to this subject [3] [4] [5] [6] [7] [8] [9] [10] [11] . Nevertheless, the problem turned out to be more complex than it seemed at first glance. We want only to mention the exciting result obtained in [3, 4, 7] : the CC to the process (1) enter the amplitude of this process in such a way that its cross section is determined solely by the lowest (Born) term. In our opinion, this is the result of the incorrect application of crossing symmetry to the amplitudes obtained in the high-energy limit.
As an obvious example of the crossing-symmetry violation, we want to cite the process of lepton-pair photoproduction on nuclei and its counterpart, the bremsstrahlung in lepton-nucleus scattering. The amplitudes of both processes are determined by the Coulomb phase, which is infrared stable in the case of pair photoproduction, whereas it is infrared divergent in the case of bremsstrahlung, and this difference cannot be adjusted by a trivial crossing change of the variables. Taking into account the importance of the problem and permanent interest in it from the scientific community, we calculated the full amplitude for the crossing process accounting for all possible photon exchanges among the colliding relativistic particles. Comparing it with the amplitude of the process (1) also obtained using the high-energy approximation, we have shown that the crossingsymmetry property becomes invalid when one takes into account the final-state interaction of the lepton pair with the Coulomb field of ions.
THE BORN AMPLITUDE OF THE PROCESS 3 → 3
Let us construct the amplitude of the process 3 → 3 represented in Figs. 1a and 1b ,
We consider the kinematics when all the energy invariants which determined the process (2) are large, compared with the masses of the involved particles and transfer momenta For the Born amplitude of the process (2), one can write
where Z 1,2 are the charge numbers of the colliding nuclei. We use the Sudakov parametrization for all 4-momenta entering the problem (for details, see [10] ),
and the Gribov decomposition of the metric tensor into the longitudinal and transverse parts,
with lightlike 4-vectorsp 1,2 . For the kinematics of the process, we will use the following relations:
, where q i are two-dimensional vectors in the plane transverse to the z axes, which we choose along 3-vector p 1 = −p 2 in the c.m. frame of initial particles
Using the gauge-invariant condition, 
